Abstract
We report a measurement of photon impact ionization of K and L-shell of Au and Ag targets in the 1-GeV energy range. We show that the cross section is dominated by a contribution from a new channel called vacuum-assisted photoionization. In this process the energymomentum balance associated with the removal of the inner-shell electron is obtained by a conversion of the high-energy photon into an electron-positron pair. This measurement confirms the theoretical prediction that vacuum-assisted photoionization is the most probable ionization mechanism at very high energies.
PACS number: 32.80.Fb, 32.80.-t Inner-shell photoionization of an atom, molecule or ion, is one of the most basic processes in atomic collisions. With several very high energy and high intensity synchrotron x-ray sources existing or being built around the world, the physics of inner-shell photoionization has undergone a significant rebirth the last two decades [1] [2] [3] . Detailed studies of single and double ionization mechanisms, electron correlation effects, post-collision interaction effects have resulted in major advances of our understanding of photoionization mechanisms in the soft and hard x-ray regime. Ionization may proceed through the photoelectric effect or Compton scattering and, in the limit of high energies, the cross section associated with both processes decreases nearly linearly with increasing photon energy [4] [5] .
The situation is quite different at relativistic energies. When the photon energy exceeds twice the rest mass of the electron, the negative energy continuum will play an additional important role. Photoionization can now proceed through a new channel in which the excess energy is taken by one of the negative-energy continuum electrons [6] [7] . The final result is the creation of an inner-shell vacancy (K, L, M,….) along with the creation of an electron-positron pair on the same atom. The recent theoretical work by Ionescu et al [6] predicted that this new mechanism called vacuum-assisted photoionization (VAP) will become the most probable ionization mechanism for photon energies beyond a few hundreds of MeV.
The aim of this paper is to report the first measurement of vacuum-assisted photoionization in the GeV energy range for Au and Ag targets and its comparison to theory. The experimental work is carried out at the European Synchrotron Radiation Facility (ESRF) in Grenoble, Electron-positron pair production was extensively studied for the last several decades and a good understanding of the process and agreement for total and partial cross sections with theoretical calculations are achieved. As a check of our experimental technique we first measured electron-positron pair production total cross section in the Au and Ag targets by selecting the two particle events in B3. K X-rays the one-electron peak in the B3 spectrum almost vanishes and the spectrum is almost entirely dominated by a two-particle peak (See the dark area in Fig.3 ) corresponding to the creation an electron-positron pair. In other words each time an inner-shell vacancy is created in the target we detect an electron-positron pair. This is a clear signature that inner-shell photoionization is strongly correlated with the creation of an electron-positron pair. Two cases are likely to have happened. 1) The inner-shell vacancy and the pair creation take place on the same target atom 2) The inner-shell vacancy and the pair conversion take place on two separate atoms of the target. First the pair is produced in the field of one atom and then the electron or the positron interacts with a different atom resulting in the creation of an inner-shell vacancy. This constitutes a background to our measurement that we will call a two-step process.
The interest here is to extract the contribution of VAP that is the process in which both innershell vacancy and pair creation take place on the same atom. In order to do this, we measure, as a function of the target thickness, the probability of creating an inner-shell vacancy ( α K and β K for example) in coincidence with the creation of an electron-positron pair (two particle peak in B3 spectrum). The probability for VAP varies linearly with target thickness while the two-step process varies as the square of the target thickness. Figure 4 shows the variation of the absolute probabilities for inner-shell vacancy production in coincidence with pair creation for Au (K-and L-shells) and Ag (K-shell), as a function of target thickness. We observe a clear departure from the quadratic dependence shown as dashed lines for all the studied systems. The finite linear term of the fit gives a measure of VAP. We summarize in table I the cross sections extracted from the fits. We also include the pair production cross sections discussed earlier in this paper and the comparison of both processes with theoretical predictions. These results constitute the first absolute measurement of VAP cross section. These values are a factor of 5 to 10 larger than contributions from
Compton scattering and photoelectric effect giving an experimental confirmation that VAP dominates at high energies. The theoretical values of VAP shown in table I are taken from ref [6] and include contributions from both the process in which the pair is created on the target electron as well as the process in which the pair is created on the nucleus. These two contributions to VAP are discussed in ref [6] . In particular it is expected that the contribution to VAP cross section for tightly bound Au K-shell comes mainly from the mechanism that involves pair creation on the nucleus. The experimental value of VAP appears to be slightly smaller than theory for Au K-shell and in agreement or slightly larger than theory for Au Lshell and Ag K-shell. This may be an indication that the contribution from VAP that involves pair creation on the nucleus is smaller than predicted by theory. This could be due to e + /e -mutual screening at the Au K-shell orbital scale. However the error bars of our measurement are large and further experimental studies are needed to draw any definitive conclusion on the relative contributions of the two VAP mechanisms. Theoretical cross sections are taken from ref. [6] . Compton scattering (CS) and photoelectric effect (Photo) cross sections are taken from ref. [9] . 
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